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Tiller Demographics and Leaf Area Index of Four Perennial Pasture Grasses 
Robert B. Mitchell,* Lowell E. Moser, Kenneth J. Moore, and Daren D. Redfearn 
ABSTRACT 
Developing grazing systems requires basic information on the 
growth and development of adapted species. The objective of this 
field study was to determine seasonal tiller demographics and leaf area 
index (LAI) of intermediate wbeatgrass [Thinopyrum intermedium 
(Host) Barkw. & D.R. Dewey], smooth bromegrass (Bromus inermis 
Leyss.), switchgrass (Panicum virgatum L.), and big bluestem (Andro- 
pogon gerardii Vitman) tiller populations. This study was conducted 
in 1992 and 1993 near Mead, NE, on a silty clay loam soil (Typic 
Argiudoll) as a randomized complete block. Monocultures were har- 
vested six times each year for tiller demographics. Additionally, mean 
stage count (MSC), a quantified estimate of tiller population maturity, 
was determined at each harvest. The LA1 was indirectly measured 
using a canopy analyzer at  7- to 14-d intervals. Tiller density for all 
species generally declined as MSC increased. Tiller demographics 
were highly variable by year for intermediate wheatgrass and smooth 
bromegrass, which indicates that grazing management should be based 
on current tiller populations. Density of vegetative tillers declined 
most rapidly for smooth bromegrass, followed by intermediate 
wheatgrass, switchgrass, and big bluestem. Switchgrass and big blue- 
stem tiller demographics were more uniform and predictable across 
years than intermediate wheatgrass and smooth bromegrass. The LA1 
for all species increased as MSC increased. Maximum LA1 for interme- 
diate wheatgrass, smooth bromegrass, switchgrass, and big bluestem 
in 1992 was 4.7,5.1,4.9, and 5.8, respectively. Integrating tiller demo- 
graphics and LA1 suggests that initial grazing readiness starts with 
smooth bromegrass in early spring, followed by intermediate 
wheatgrass in about 2 wk, switchgrass in late spring, and big bluestem 
in early summer. 
S ELECTION OF SPECIES for complementary grazing sys- tems historically has been based on quantity of for- 
age rather than forage quality. The goal of such systems 
is to provide an adequate level of quality forage through- 
out the grazing season. Grazing systems should be based 
on the supply of available nutrients. Basic information 
on the growth and developmental morphology of 
adapted species is required to develop efficient grazing 
systems. Timing the use of first growth is important to 
allow for regrowth and optimize season-long nutrient 
utilization. 
Intermediate wheatgrass and smooth bromegrass are 
introduced perennial cool-season grasses that are well 
adapted and commonly used for pasture in the central 
Great Plains. Most perennial cool-season grasses, such 
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as intermediate wheatgrass and smooth bromegrass are 
photoperiod sensitive (Heide, 1984, 1994). Switchgrass 
and big bluestem, perennial warm-season grasses native 
to the central Great Plains, also are photoperiod sensi- 
tive (Benedict, 1941). Vegetative growth of all four spe- 
cies is determinate and terminates with inflorescence 
development (Dahl and Hyder, 1977). Switchgrass and 
big bluestem have become increasingly important as 
pasture grasses in the central and eastern United States 
because of their productivity during the hot summer 
months, when cool-season grasses are relatively unpro- 
ductive (Moser and Vogel, 1995). The developmental 
morphology of these perennial grasses affects forage 
yield and quality and, hence, management decisions 
(Moore et al., 1991). Perennial grass tiller populations 
can be quantified to compare growth and developmental 
morphology (Moore and Moser, 1995). 
Perennation of established grass swards occurs 
through asexual reproduction of new tillers or rhizomes 
from axillary buds (Waller et al., 1985). Tiller density 
is controlled by the rate of recruitment of new tillers 
and the mortality of existing tillers (Langer et al., 1964; 
Briske, 1991). Often, there is high tiller natality and high 
tiller mortality coinciding with flowering in perennial 
grasses (Matthew et al., 1993). In a smooth bromegrass 
sward, tiller density was highest in early spring and de- 
creased as spring growth progressed (Krause and Moser, 
1980). Tiller recruitment in perennial cool-season 
grasses such as smooth bromegrass involves at least two 
tiller generations annually, with tillering episodes oc- 
curring in early spring and immediately following anthe- 
sis (Lamp, 1952; Krause and Moser, 1980). 
Canopy architecture plays an important role in many 
plant canopy processes and provides information that 
can be useful to describe interactions between plants 
and the environment (Welles and Norman, 1991). Can- 
opy architecture affects photosynthesis, quality of for- 
age offered to grazing animals, and animal grazing pat- 
terns (Nelson and Moser, 1994). Canopy architectural 
measurements such as leaf area index (LAI) provide 
information related to relative light interception, forage 
productivity, and leaf accessibility to grazing livestock. 
The objective of this study was to determine the seasonal 
tiller demographics and changes in LA1 of intermediate 
wheatgrass, smooth bromegrass, switchgrass, and big 
bluestem tiller populations. 
MATERIALS AND METHODS 
This study was conducted in 1992 and 1993 at the University 
of Nebraska Agricultural Research and Development Center 
Abbreviations: DOY, day of the year; GDD, growing degree days; 
LAI, leaf area index; MSC, mean stage count; TD, tiller density. 
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near Mead, NE. Plots were established in the spring of 1991 
by seeding 5 kg of pure live seed ha-' in rows spaced 15 cm 
apart on a Sharpsburg silty clay loam soil (fine, smectitic, mesic 
Typic Argiudoll). Treatments were assigned to experimental 
units using a randomized complete block design with a split- 
plot arrangement and three replicates. Species were whole 
plots (5 by 10 m) and years were subplots (5 by 5 m). Vegeta- 
tion on the plots to be harvested in 1992 remained undisturbed 
throughout the 1991 growing season. In 1992, one half of each 
whole plot was randomly selected and divided into six subplots 
(1.7 by 2.5 m) randomly assigned for each harvest date. Vege- 
tation on the plots to be harvested in 1993 remained undis- 
turbed throughout the 1992 growing season. In 1993, the pre- 
viously nonharvested portion of each whole plot was divided 
intc six subplots and randomly assigned for each harvest date. 
Standing dead material was mowed to a 2-cm stubble height 
and residue removed prior to initiation of spring growth each 
year. Fertilizer was applied in late May 1992 and 1993 at 110 kg 
N ha-'. 'Lincoln' smooth bromegrass and 'Slate' intermediate 
wheatgrass were harvested on 13 and 27 May, 10 and 24 June, 
and 8 and 30 July 1992 and 1993. 'Trailblazer' switchgrass and 
'Pawnee' big bluestem were harvested on 20 May, 3 and 17 
June, 2 and 14 July, and 12 Aug. 1992 and 1993. 
Leaf area index for each species was measured on the non- 
harvested portion of each whole plot on 13, 20, and 27 May; 
3,10,18, and 23 June; and 3 and 10"July 1992 and 13,20, and 
27 May; 3, 10, and 17 June; 15 July; and 16 Aug. 1993. The 
LA1 was indirectly measured using the LAI-2000 (LI-COR, 
Lincoln, NE, USA)' canopy analyzer fitted with an opaque 
mask to reduce the field of view to 90' to block undesirable 
objects and reduce measurement errors (Welles and Norman, 
1991). Each LA1 determination consisted of a minimum of 20 
below-canopy measurements interspersed with four above- 
canopy measurements taken within 2 m of the whole plot 
perimeter. Measurements were taken at dawn, or within the 
first 4 h of daylight, when the sun was totally obscured by 
clouds. 
Tillers used for morphological classification were hand- 
clipped at ground level from 0.09-m2 quadrats randomly lo- 
cated within each subplot. Tillers were morphologically classi- 
fied using the system described by Moore et al. (1991). Mean 
stage count (MSC) and tiller density were determined for 
each species at each harvest date. Individual tillers were not 
followed during the study. Vegetative tillers present late in 
the sampling period were presumed to be newly recruited 
tillers. Accumulated growing degree days (GDD) for the cool- 
season grasses was calculated as the sum of the difference 
between the mean daily temperature and a base temperature 
of 4°C after 1 January. Accumulated GDD for the warm- 
season grasses was calculated as the sum of the difference 
between the mean daily temperature and a base temperature 
of 10°C after 1 January. 
Tiller data were analyzed using analysis of variance proce- 
dures and LA1 data were analyzed using regression procedures 
(SAS, 1985). A combined analysis of variance was conducted 
across years for tiller density, demographics, and LAI. Regres- 
sion analyses were conducted across years for each species 
for LA1 on day of the year (DOY), LA1 on GDD, and LA1 
on MSC. 
RESULTS AND DISCUSSION 
Stand establishment was excellent for all species at 
the conclusion of the 1991 growing season. Total precipi- 
' Use of product names does not imply endorsement by the Univer- 
sity of Nebraska. 
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Fig. 1. Precipitation and average daily temperature for plots near 
Mead, NE, during the 1992 and 1993 growing seasons. Bars indicate 
total precipitation and average daily temperature since the pre- 
viously noted day of the year (DOY), except that bars for DOY 
133 in 1992 and DOY 132 in 1993 indicate accumulated precipita- 
tion from DOY 1. 
tation was higher in 1993 than in 1992. The study site 
received 171 and 154 mm of precipitation from 1 January 
to initial harvest in 1992 and 1993, respectively (Fig. 1). 
Throughout the sampling period, an additional 303 and 
453 mm of precipitation was received in 1992 and 1993, 
respectively. Long-term average annual precipitation at 
Mead is 680 mm with 500 mm occurring between 1 April 
and 1 October. Annual precipitation was near the long- 
term average in 1992, exceeded the long-term average 
in 1993, and totaled 658 and 859 mm, respectively. Tiller 
density at the first harvest date was greater ( P  5 0.0117) 
in 1993 than 1992 for all species. 
Tiller Demographics 
Cool-Season Grasses 
Tiller density of intermediate wheatgrass and smooth 
bromegrass differed (P = 0.05) by species and harvest 
date in 1992 and 1993. Intermediate wheatgrass tiller 
density was relatively stable during 1992, but was highly 
variable in 1993 (Fig. 2). Average intermediate 
wheatgrass tiller density throughout the sampling period 
was 1381 and 1954 tillers m-2 in 1992 and 1993, respec- 
tively. There was a general inverse relationship (tiller 
density (TD) = 2961 - 547(MSC); r2 = 0.30) between 
MSC and tiller density for intermediate wheatgrass. 
Tiller demographics of intermediate wheatgrass dif- 
fered ( P  5 0.087) in 1992 and 1993, except for the 
reproductive stage ( P  = 0.3633) (Fig. 2). At least 93% 
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Fig. 2. Number of tillers m-"n vegetative, elongating, reproductive, 
and seed ripening growth stages for intermediate wheatgrass grown 
near Mead, NE, during 1992 and 1993. Mean stage count is included 
to describe the developmental morphology of the tiller population. 
of intermediate wheatgrass tillers were vegetative at the 
first harvest dates in 1992 and 1993. In 1992, 71 % of 
the tillers present on DOY 190 were in the seed ripening 
stage; in 1993, only 14% of the tillers present on DOY 
189 were in the seed ripening stage. The low percentage 
of tillers reaching the seed ripening stages on DOY 189 
in 1993 was predominantly due to an increase in tiller 
number that occurred between DOY 175 and 189 that 
reduced the percentage of seed ripening tillers in the 
population. No increase in tiller number was observed 
during this same period in 1992, presumably due to 
inadequate precipitation (Fig. 1). The increase in tiller 
number that occurred between DOY 175 and 189 in 
1993 (Fig. 2) was probably a response to precipitation. 
About 50 mm of precipitation was received between 
DOY 176 and 190 in 1992; in 1993, more than 100 mm 
of precipitation was received between DOY 175 and 
189 (Fig. 1). These results are similar to the trends de- 
scribed by Moore and Moser (1995), who reported that 
intermediate wheatgrass tiller density decreased as MSC 
increased. However, they determined that the vegeta- 
tive phase ceased by DOY 156, but they ended their 
harvest on DOY 190. In the current study, harvest con- 
tinued for another 20 d, and an additional tiller genera- 
tion was observed during both years. 
Smooth bromegrass tiller density and demographics 
differed (P 5 0.0013) during 1992 and 1993 (Fig. 3). 
The distinct difference in population structure between 
first harvest dates in 1992 and 1993 is probably due to 
cooler spring temperatures in 1993 that accumulated 
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Fig. 3. Number of tillers m-"n vegetative, elongating, reproductive, 
and seed ripening growth stages for smooth bromegass gown 
near Mead, NE, during 1992 and 1993. Mean stage count is included 
to describe the developmental morphology of the tiller population. 
40% fewer GDD by DOY 133. Average tiller density 
during the harvest period was 1554 and 1521 tillers m-2 
in 1992 and 1993, respectively. Large fluctuations in 
tiller demographics due to natality and mortality oc- 
curred in 1992 and 1993. However, there was a general 
inverse relationship [TD = 3535 - 810(MSC); r2  = 0.421 
between MSC and tiller density for smooth bromegrass. 
Krause and Moser (1980) reported that tiller density in 
a smooth bromegrass sward was highest in early spring 
and decreased as spring growth progressed. At the first 
harvest in 1992,77% of smooth bromegrass tillers were 
vegdtative, 14% elongating, and 9% reproductive; in 
1994, only 23% were vegetative and 77% were elongat- 
ing. J I ~  1992, 24% of the tillers present on DOY 190 
were in the seed ripening stage; in 1993, 15% of the 
tillers present on DOY 189 were in the seed ripening 
stage. 
Lamp (1952) and Krause and Moser (1980) reported 
that tiller recruitment in smooth bromegrass involves 
two tiller generations annually, with tillering episodes 
occurring in early spring and immediately following an- 
thesis. In our study, however, three distinct periods of 
increase in tiller numbers were observed for smooth 
bromegrass in 1992 (Fig. 3). The first period of tiller 
increase occurred in early spring (emergence), the sec- 
ond following elongation (DOY 148), and the third fol- 
lowing the conclusion of the reproductive stage (DOY 
190). In 1993, at least two periods of tiller recruitment 
were observed. The first occurred in early spring (emer- 
gence) and the second between DOY 161 and 189. 
The lower MSC for smooth bromegrass compared 
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with intermediate wheatgrass late in the growing season 
indicates that a smaller proportion of smooth brome- 
grass tillers advanced to reproductive and seed ripening 
stages (Fig. 2 and 3). Large differences in tiller demo- 
graphics resulted in small differences in MSC. For exam- 
ple, intermediate wheatgrass on DOY 175 in 1993 had 
a MSC of 2.66, with few vegetative tillers (Fig. 2). How- 
ever, between DOY 175 and 189 in 1993, an increase 
in tiller number occurred, the sward became dominated 
by vegetative tillers, and the MSC dropped to 2.20. The 
increase in intermediate wheatgrass and smooth brome- 
grass tiller density from DOY 175 to 189 in 1993 proba- 
bly resulted from greater precipitation during the weeks 
preceding DOY 189 (Fig. 1). From DOY 162 to 190 in 
1992, potential evapotranspiration exceeded precipita- 
tion by 159 mm; from DOY 161 to 189 in 1993, precipita- 
tion exceeded potential evapotranspiration by 27 mm. 
Most temperate grass species must be vernalized for 
floral initiation to occur (Heide, 1984). The number of 
intermediate wheatgrass and smooth bromegrass vege- 
tative tillers present on DOY 212 in 1992 was similar 
to the number of tillers that reached the seed ripening 
stage in 1993. Vegetative tillers present the previous fall 
probably were tillers with the potential to develop to 
maturity in the subsequent growing season, depending 
on mortality induced by environmental stresses (Moore 
and Moser, 1995). 
The variability in intermediate wheatgrass and 
smooth bromegrass tiller demographics across years il- 
lustrates that harvest management decisions should be 
based on plant morphology. In 1992, numerous vegeta- 
tive tillers of both species were present through DOY 
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Fig. 4. Number of tillers m-2 in vegetative, elongating, reproductive, 
and seed ripening growth stages for switchgass gown near Mead, 
NE, during 1992 and 1993. Mean stage count is included to describe 
the developmental morphology of the tiller population. 
162 (Fig. 2 and 3). The large proportion of vegetative 
tillers indicates that grazing livestock would have the 
opportunity to select for higher quality forage from less 
mature tillers. Additionally, tiller regrowth following 
grazing would be maximized. Most defoliated tillers 
would be in the vegetative or early elongating stages, 
and a majority of the tiller shoot apices would remain 
intact following defoliation. The most rapid regrowth 
occurs from defoliated tillers with an intact growing 
point (Waller et a]., 1985). During 1993, however, the 
proportion of vegetative tillers in the swards of both 
species dropped rapidly between DOY 133 and 147, 
and few vegetative tillers were present on DOY 147. If 
close grazing had occurred between DOY 147 and 175 
in 1993, tillers with elevated shoot apices would likely 
have been defoliated and regrowth potential would have 
been slow (Waller et al., 1985). However, a large propor- 
tion of vegetative tillers were present after DOY 175, 
which suggests that grazing animals can select less ma- 
ture and therefore higher quality tillers in early summer 
if precipitation is adequate. Additionally, when large 
proportions of tillers are in the elongating and reproduc- 
tive stages, grazing may be used to open the canopy 
and encourage recruitment of new tillers if soil water 
is adequate. 
Warm-Season Grasses 
Tiller density and demographics of switchgrass and 
big bluestem were more uniform and predictable across 
years than intermediate wheatgrass and smooth brome- 
grass. Tiller density of big bluestem was higher than 
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Fig. 5. Number of tillers m P i n  vegetative, elongating, reproductive, 
and seed ripening growth stages for big hluestem gown near Mead, 
NE, during 1992 and 1993. Mean stage count is included to describe 
the developmental morphology of the tiller population. 
MITCHELL ET AL.: FOUR PERENNIAL PASTURE GRASSES 5 1 
switchgrass (P = 0.09) during 1992 and 1993, except on 
DOY 224 in 1993. There was a general inverse relation- 
ship [TD = 2545 - 476(MSC); r2  = 0.571 between MSC 
and tiller density for switchgrass. Switchgrass tiller den- 
sity in 1992 did not decline until DOY 184, but tiller 
density in 1993 declined linearly throughout the growing 
season (Fig. 4). Switchgrass vegetative tiller density de- 
clined by an average of 41 tillers d-' from DOY 154 to 
196 in 1992, and by an average of 42 tillers d-l from 
DOY 154 to 195 in 1993. Average switchgrass tiller 
density during the harvest period was 1439 and 1612 
tillers m-2 in 1992 and 1993, respectively. Switchgrass 
tiller density at the conclusion of 1992 and 1993 harvests 
was similar. 
Large changes in switchgrass tiller demographics re- 
sulted in larger changes in MSC than did tiller demo- 
graphic changes in the cool-season grasses. All 
switchgrass tillers were vegetative at the first harvest in 
1992 and 1993, and MSC was approximately 1.3. How- 
ever, in a 4-wk period, MSC increased to about 1.9 and 
at least 65% of the tillers were elongating. No vegetative 
tillers were present at the final harvest in 1992 or 1993. 
In 1992, only 1% of the tillers advanced to the seed 
ripening stage; 12% of the tillers advanced in 1993. 
The large proportion of elongating, reproductive, and 
seed ripening tillers after DOY 169 and 168 in 1992 and 
1993, respectively, reinforces the importance of grazing 
switchgrass in late spring and early summer (Fig. 4). 
Improper timing of switchgrass grazing results in low 
animal performance and may be detrimental to stand 
persistence (Anderson and Matches, 1983). Grazing on 
switchgrass should begin when a large proportion of 
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1.41 1.67 2.19 2.83 3.67 
I Intermediate wheatgrass 1992 I 
I I 
?30 140 150 160 170 180 190 200 
DAY OF THE YEAR 
Mean Stage Count 
1.59 2.22 2.03 2.27 2.70 
I 1 
Smooth bromegrass 1992 
LA1 = 297 81 - 5 72x + 0 04x2- 0 00008x3 
I 
130 140 150 160 170 180 190 200 
DAY OF THE YEAR 
Fig. 6. Leaf area index for intermediate wheatgrass and smooth 
bromegrass grown near Mead, NE, during the 1992 growing season. 
Mean stage count is included to describe the developmental mor- 
phology of the tiller population. 
tillers are vegetative (DOY 154) to maximize tiller re- 
growth and livestock utilization. If switchgrass grazing 
was delayed until DOY 168, livestock would still have 
the opportunity to selectively graze a limited number 
of vegetative tillers. However, regrowth from most elon- 
gated tillers would be limited following defoliation. If 
grazing was delayed until after DOY 183, at least 90% 
of tillers presented to the grazing animal have elongated, 
thereby exposing the apical meristem to removal by 
grazing and potentially decreasing regrowth and plant 
vigor the following spring (Waller et al., 1985). 
Big bluestem tiller density generally declined as the 
growing season progressed (Fig. 5), and there was a 
general inverse relationship [TD = 4845 - 1620(MSC); 
r2 = 0.381 between MSC and tiller density for big blue- 
stem. Average big bluestem tiller density across harvest 
dates was 2129 and 2430 tillers m-2 in 1992 and 1993, 
respectively. Big bluestem tiller mortality averaged 47 
and 18 tillers mP2 d-' for the first 4 wk of 1992 and 1993, 
respectively. As MSC increased, tiller density decreased 
except at the final harvest in 1992. In 1993, big bluestem 
tiller density decreased throughout the growing season. 
All tillers were vegetative at the first four harvests in 
1992 and the first three harvests in 1993. Due to the 
early conclusion of sampling, few big bluestem tillers 
reached the reproductive stage and no big bluestem 
tillers reached the seed ripening stage by the end of 
sampling in 1992 and 1993. The low MSC for big blue- 
stem throughout the growing season reflected the low 
proportion of tillers reaching reproductive and seed rip- 
ening stages. 
Big bluestem matures later in the growing season than 
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Fig. 7. Leaf area index for switchgrass and big hluestem grown near 
Mead, NE, during the 1992 growing season. Mean stage count is 
included to describe the developmental morphology of the tiller 
population. 
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switchgrass and is generally recommended as a more 
productive forage source for midsummer grazing than 
switchgrass in the central Great Plains (Moser and Vo- 
gel, 1995). The large percentage of vegetative tillers 
prior to DOY 196 and 195 in 1992 and 1993, respectively, 
illustrates why big bluestem is better suited to midsum- 
mer grazing than switchgrass. Additionally, the high 
tiller density of big bluestem early in the growing season 
may play a role in delaying development by reducing 
light penetration through the canopy. Removing plant 
debris has increased big bluestem reproductive stem 
density by improving the light environment for emerg- 
ing shoots (Knapp, 1984; Masters et al., 1993). 
Some differences in tiller density between 1992 and 
1993 might be attributed to stand age, in that 1992 data 
were collected from a 1-yr-old stand and 1993 data were 
collected from a 2-yr-old stand. However, differences 
in temperature and precipitation in 1992 and 1993 ap- 
pear to explain the variability in tiller density. 
Leaf Area Index 
Intermediate wheatgrass accumulated LA1 in a linear 
fashion in 1992, whereas smooth bromegrass, switch- 
grass, and big bluestem accumulated LA1 in a cubic 
fashion (Fig. 6 and 7). Intermediate wheatgrass and 
smooth bromegrass LA1 were similar (P = 0.5264) in 
1992 (Fig. 6), and no differences existed between species 
throughout the harvest period (P = 0.3771), except that 
the addition of cubic components was nonsignificant for 
intermediate wheatgrass. In 1992, a maximum LA1 of 
4.7 was reached by intermediate wheatgrass and 5.1 by 
smooth bromegrass on DOY 185. However, in 1993, 
intermediate wheatgrass and smooth bromegrass LA1 
were higher ( P  5 0.0006) throughout the sampling pe- 
riod (data not shown). A maximum LA1 of 9.5 was 
reached by intermediate wheatgrass and 8.5 by smooth 
bromegrass on DOY 147 in 1993. Some of the variation 
in LA1 between 1992 and 1993 may be due to stand 
age. However, the higher maximum LA1 in 1993 was 
probably due to the 150 mm of additional precipitation 
received during the 1993 sampling period (Fig. 1). These 
results were similar to those of Engel et al. (1987), who 
reported that maximum LA1 for smooth bromegrass 
ranged from 4.5 during a dry growing season to 6.8 
during one with ample precipitation. 
Smooth bromegrass LA1 was predicted poorly by 
MSC in 1992, and was predicted poorly by DOY, GDD, 
and MSC in 1993 (Table 1). The LA1 for intermediate 
wheatgrass was predicted poorly by GDD and MSC in 
1993. The poor predictability of intermediate wheat- 
grass and smooth bromegrass LA1 was probably due to 
the cool, wet growing conditions that persisted in early 
1993 (Fig. 1). Cool, cloudy conditions caused lower 
leaves to senesce, which made accurate LA1 measure- 
ments difficult with the indirect technique used. Al- 
though predictive equations for LA1 are included in 
Table 1 for both 1992 and 1993, only 1992 data are 
presented graphically (Fig. 6 and 7). 
Switchgrass and big bluestem LA1 varied by species 
( P  = 0.0001), but followed similar trends in 1992 (Fig. 
7). Although big bluestem LA1 was greater than 
switchgrass LA1 throughout the growing season, the 
species by harvest date interaction was not significant 
Table 1. Predictive equations from regression analyses for intermediate wheatgrass, smooth bromegrass, switchgrass, and big bluestem 
leaf area index (LAI) vs. day of the year (DOY), growing degree day (GDD), and mean stage count (MSC) in 1992 and 1993. 
Coefficient of 
Equations determination 
1992 
-
LA1 ( y )  vs. DOY ( x )  
Intermediate wheatgrass y = -4.74 + 0.05(x) 0.83 
Smooth hromegrass y = 297.8 - 5.72(x) + 0.036(x2) - 0.000075(x3) 0.93 
Switchgrass y = 257.7 - 5.01(x) + 0.032(x" - 0.000067(x3) 0.97 
Big bluestem y = 335.9 - 6.53(x) + 0.042(x2) - 0.000087(x3) 0.99 
LA1 ( y )  vs. GDD ( x )  
Intermediate wheatgrass y = -5.29 + O.OOSO(x) - 0.0000016(x2) 0.80 
Smooth bromegrass y = -5.72 + 0.0082(x) - 0.0000016(x2) ' 0.81 
Switchgrass y = -6.22 + 0.0131(x) - 0.0000040(x2) 0.88 
Big bluestem y = -7.74 + 0.0170(x) - 0.0000055(x2) 0.92 
LA1 ( y )  vs. MSC ( x )  
Intermediate wheatgrass y = -4.33 + 5.6046(x) - 0.885(x2) 0.82 
Smooth bromegrass y = -1.38 + 2.2559(x) 0.35 
Switchgrass y = -2.71 + 3.1902(x) 0.83 
Big bluestem y = 49.77 - 90.227(x) + 41.717(x2) 0.70 
1993 
LA1 ( y )  vs. DOY ( x )  
Intermediate wheatgrass 
Smooth bromegrass 
Switchgrass 
Big hluestem 
LA1 ( y )  vs. GDD ( x )  
Intermediate wheatgrass 
Smooth hromegrass 
Switchgrass 
Big bluestem 
LA1 ( y )  vs. MSC ( x )  
Intermediate wheatgrass 
Smooth hromegrass 
Switchgrass 
Big bluestem 
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( P  = 0.2207). A maximum LA1 of 4.9 was reached by 
switchgrass and 5.8 by big bluestem on DOY 185. In 
1993, switchgrass and big bluestem LA1 were signifi- 
cantly higher ( P  = 0.006) throughout the sampling pe- 
riod than in 1992 (data not shown). A maximum LA1 
of 7.7 was reached by switchgrass on DOY 228 and 8.0 
by big bluestem on DOY 168 in 1993. The 1992 results 
were similar to those of Redfearn et al. (1997), who 
reported a maximum LA1 of 5.5 for tiller populations 
of eight switchgrass genotypes. The higher maximum 
LA1 in 1993 was probably due to higher precipitation 
in 1993. The higher LA1 for big bluestem probably oc- 
curred in response to the high proportion of vegetative 
tillers present throughout the growing season, which 
was also reflected in the low MSC for big bluestem. 
At least 95% of the variability in switchgrass LA1 was 
explained by DOY in 1992 and 1993 (Table 1). 
Switchgrass LA1 was better predicted by MSC in 1992 
and 1993 than was big bluestem LAI. Day of the year 
accounted for 99 and 84% of the variability in big blue- 
stem LA1 in 1992 and 1993, respectively. Strong rela- 
tionships between LA1 and DOY for switchgrass and big 
bluestem illustrate their strong photoperiod sensitivity. 
CONCLUSIONS 
Yearly variability for intermediate wheatgrass and 
smooth bromegrass tiller demographics and inconsistent 
predictability of LA1 demonstrates how grazing man- 
agement should be based on current tiller populations 
at several periods during the growing season and not on 
DOY. Although these species are photoperiod sensitive, 
uniform tiller advancement toward maturity within a 
species was not observed. Management of vegetative 
tillers is crucial in first growth. Vegetative tillers de- 
clined most rapidly for smooth bromegrass, followed by 
intermediate wheatgrass, switchgrass, and big bluestem. 
Integrating tiller demographics and LA1 suggests that 
initial grazing readiness starts with smooth bromegrass 
in early spring, followed by intermediate wheatgrass in 
about 2 wk, switchgrass in late spring, followed by big 
bluestem in about 2 wk. 
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